ABSTRACT Eggs from Þeld-collected Glyptotendipes paripes Edwards were hatched and the immature life stages individually reared under 11 constant temperatures between 10.0 and 35.0ЊC (2.5ЊC increments) in the laboratory. No egg hatch was observed at 10.0ЊC for up to 30 d. At 35.0ЊC, egg hatch was normal but the larvae did not survive to second instar. The developmental zero growth was estimated at 9.0ЊC. Degree-day requirement for G. paripes development from egg to adult was estimated at 717 DD above 9.0ЊC. No signiÞcant difference between development time of males and females was noted and the sex ratio was near 1:1.
THE NON-BITING MIDGE Glyptotendipes paripes Edwards is one of the primary nuisance chironomid species in central Florida (Ali and Fowler 1985) . Large swarms of midges emanating from lakes situated amid urban and suburban areas cause nuisance, economic and medical problems (Ali 1995) . Piles of dead midges are unsightly and also have an unpleasant odor. Midges stain buildings and foul outdoor equipment, such as air conditioners. Maintenance costs and business losses associated with midge nuisance in central Florida can reach millions of dollars annually for even modest size cities (Anonymous 1977) . Medical problems, such as human allergies arise from larval hemoglobins remaining on the epidermis of adults, fragments of which can be inhaled and cause conjunctivitis, rhinitis, hay fever, or asthma (Cranston 1995) . Very recently, chironomid egg masses have been implicated as a possible reservoir for the cholera pathogen (Broza and Halpern 2001) .
Because of the severe nuisance midge problems in central Florida, a systematic research program on the bionomics and management possibilities of midge populations in central Florida has continued for the past two decades (Ali 1996) . As a part of this investigation, temperature-related development of G. paripes in the laboratory was studied to determine generation and residence time of immatures in local lakes. This information will aid in coinciding control measures with development of Þeld populations and will also be included in a spatio-temporal distribution model of larval populations in central Florida lakes. Temperature strongly inßuences development time of immature insects. This relationship is conveniently described by the degree-day (DD) concept, as reviewed by Pruess (1983) . ModiÞcations of the methods used by Stevens (1998 ), Campbell et al. (1974 and Luckmann et al. (1976) were employed to estimate the developmental zero and degree-day requirements of G. paripes from central Florida.
Materials and Methods
Adult G. paripes were collected by aspirator during March 2001 from Ferran Park, Eustis, Lake County, central Florida on the eastern shore of eutrophic Lake Eustis. Adults were released into a 30 by 30 by 30-cm screen cage provided with a 10-cm-diameter dish containing 150 Ð250 ml preaerated 1X MartinÕs rearing solution (Martin et al. 1980 ) supplemented with 1.2 mg/liter thiamine hydrochloride as recommended by Stevens (1998) and held at room temperature for oviposition.
The following morning, egg masses were transferred by pipette to petri dishes containing rearing solution, and divided into sections containing 30 Ð 60 eggs. Tissue culture plates (Costar model 3513, 12-well cluster, Corning, Corning, NY) were used as rearing containers. These clear polystyrene plates had 12 ßat bottom wells, 22 mm diameter and 7-ml total capacity per well. One egg mass section was transferred to well #1 of each plate, containing 4-ml preaerated rearing solution (modiÞed from Stevens 1998). Plate lids were rotated to offset the locking lip and ensure air circulation into the wells. Plates were incubated in separate constant temperature growth chambers (model E-30B, Percival, Boone, IA) at 11 different temperatures between 10 and 35 Ϯ 1ЊC, (2.5ЊC increments) under cool white ßuorescent lamps at a photoperiod of 14:10 (L:D) h. At least three plates (replicates) per temperature were used, with each replicate from a separate egg mass. Plates were examined at 12-h in-tervals at 10ϫ magniÞcation using a binocular dissecting microscope. Any developmental changes were recorded (a molt was considered to occur after an associated exuvium was observed). Each developmental event was considered to occur halfway between examinations. Media were replaced every 24 h with fresh preaerated rearing solution, and after hatching, 35 l of food suspension added. Overall lengths of larvae after each instar molt were estimated with a dissecting microscope equipped with an eyepiecemounted micrometer. Once eggs hatched and larvae had exited the gelatinous egg mass sheath, one larva was transferred by pipette to each of the 12 wells (each containing 4 ml preaerated rearing solution and 35 l food suspension) in the same plate, and excess larvae discarded. The food suspension was prepared by mixing 100-mg K9 Þsh food (Friskies, Victoria, Australia) and 25 mg bakerÕs yeast, then macerating with a tissue grinder in 12 ml of rearing solution. Stevens (1993 Stevens ( , 1998 recommended the use of one whole grain of K9 Þsh food per well (replaced daily), but preliminary work with G. paripes indicated that the food needed to be Þner grained and that additional nutrients were needed. Daily food replacement avoided solution discoloration caused by decomposition of excess food (Stevens 1998) . After molting to fourth instar, a small amount of sand (sterilized at 100ЊC for 24 h and sieved through 250-m mesh) was added to each well to provide substrate for tube building. Sex was determined at emergence and the imago discarded. Due to mechanical failures of growth chambers, the experiment had to be terminated before full emergence of all test larvae at all temperatures.
Data were organized and analyzed with Excel 97 (Microsoft, Redmond, WA) and Instat version 3.00 (Graphpad Software, San Diego, CA). The linear regression technique described by Campbell et al. (1974) and Luckmann et al. (1976) were used to estimate developmental zero. This method plots percent development to next stage per day as a function of temperature, with the x-intercept of the equation equal to developmental zero. This was modiÞed using the mean development time instead of the median time because the mean values gave more consistent linear regression results. The overall developmental zero value was calculated from the mean of developmental zero values derived from signiÞcant (P Ͻ 0.05) regressions. Once developmental zero was determined, the degree-day requirements for G. paripes development were estimated by calculating the degree-day above developmental zero for each life stage using the respective mean values.
Results
DifÞculties with mechanical reliability of the growth chambers, as well as adjusting the larval diet for G. paripes, resulted in some larval mortality and/or loss of replicates during the course of the study. Where possible, replacement sets of replicates were run. Because the larvae were commonly active under light, precise measurements of overall larval length were difÞcult, therefore no statistics were applied to larval length, but some approximations were possible. At hatch, larvae were Ϸ0.75 mm in length, after molt to second instar, Ϸ1.5 mm, then 3 mm at third instar, and fourth instar were between 6 and 12 mm. Some larvae were observed to reach 15 mm in length, but these became sluggish and died before pupation.
No egg hatch was observed at 10ЊC for up to 30 d at which time eggs were discarded (Table 1) . Larvae held at 35ЊC hatched normally but survived Ͻ1 wk and failed to molt to second instar. The experiment was terminated before full development was recorded at temperatures of 17.5, 15.0, and 12.5ЊC. Analysis of variance (ANOVA) of total development time of emerged adults revealed signiÞcant differences (F ϭ 10.90, P Ͻ 0.001, treatment df ϭ 4, residuals df ϭ 43) between temperatures from 22.5 to 32.5ЊC by TukeyKramer posttests (Table 1) , with development time decreasing with increasing temperature. Although development time per individual life stage at most temperatures was longer for individuals that eventually died, no signiÞcant differences in time per develop- Developmental zero was estimated to be 9.0ЊC, based on the regressions for development to Þrst, second, third instar, and pupa to adult ( Table 2) . The regressions for development to fourth instar and to pupa were not signiÞcant (Table 2) . Calculated degree-day requirements for each life stage were lowest for pupae to adult (29 DD) and egg to Þrst instar (30 DD), which were not signiÞcantly different from each other but signiÞcantly lower than all other life stages (ANOVA with Tukey-Kramer posttests, F ϭ 47.7, P Ͻ 0.01, treatment df ϭ 5, residuals df ϭ 39). Degree-day requirements were similar for development to second and third instar (105 and 109 DD, respectively), and signiÞcantly (P Ͻ 0.05) increased each for development to fourth instar (166 DD) and to pupa (278) ( Table 2) . Overall egg to adult degreeday requirements summed to 717 DD Ͼ 9.0ЊC. Calculated total development time using the estimated degree-day and developmental zero values and mean development time determined in the laboratory were similar, with all but one calculated value within 95% conÞdence interval of laboratory values (Fig. 1) . At most temperatures, mean time to adult emergence was slightly lower for males than females, though statistically not signiÞcant (StudentÕs t-test) . The sex composition of emerged adults was 53.1% female and 46.9% male, a nearly 1:1 ratio.
Discussion
The total degree-day estimate of 717 DD Ͼ 9.0ЊC for G. paripes was greater than the preliminary estimate of 600 DD Ͼ 0ЊC proposed for this species by based on a weak periodicity of daily adult emergence patterns from Lake Monroe, central Florida. Overlapping of cohorts in this natural population may have confused this estimate. Cowell and Vodopich (1981) reported more rapid development (19 d) for G. paripes larvae reared from egg to adult at 27ЊC on a natural substrate supplemented with bakerÕs yeast. These differences may be a result of rearing the larvae individually (as in the current study), and as a group (Cowell and Vodopich 1981) . For example, McLachlan (1983) reported that intraspeciÞc competition among larvae when reared in groups resulted in higher mortality but faster development time. Stevens (1998) provided a brief review of these two different types of development studies. However, further work is needed to clarify possible differences between these two rearing techniques. Other studies have reported fairly wide range of degree-day requirements for chironomid development. In laboratory studies of 12 lotic midge species from the Thames River, UK, reported estimated developmental zero and development time values at 15ЊC ranged from 2.4 to 9.7ЊC and days to develop from 5.4 to 35.8 at 15ЊC (Mackey 1977) . Stevens (1998) reported 150.5 DD Ͼ 10.5ЊC for male Chironomus tepperi Skuse and 167.1 DD Ͼ 10.3ЊC for females of the same species. Chironomus decorus Johannsen was reported to have a bell-curve growth rate in relation to temperature, with maximum growth at 20ЊC, a lower limit of 8 Ð10ЊC, and an upper tolerance of 28 Ð30ЊC (Maier et al. 1990) .
Since the calculated developmental zero was 9.0ЊC, eggs at 10.0ЊC held longer than 30 d in the growth chambers might have hatched. The lack of signiÞcance in the regressions for development to fourth instar and to pupa (Table 2) is likely a result of the wide variability in development times noted for these stages (Table 1) . Other authors have reported high variability in development times of individual life stages or overall development of chironomid larvae. Kimerle and Anderson (1971) reported considerable development variability for G. barbipes Staeger reared at 24ЊC, with up to a 20 d range for molting to fourth instar in a cohort. Considerable emergence variations within a given temperature were also noted for C. decorus, Endochironomus nigricans Johannsen and C. staegeri Lundbeck by Danks (1978) , with a difference of up to 34 d between Þrst and last emergence for a single cohort.
Increasing development time with each instar is not unexpected, because proportionately greater amounts Numbers of data points (n) used in calculations for each life stage are shown in parentheses. Mean DD estimates in the column followed by the same letter are not signiÞcantly different (P Ͼ 0.05) by ANOVA with Tukey-Kramer post-tests.
of larval growth occur during each progressive stage, with at least half of the linear growth occurring during fourth instar. The difference between the actual development time and calculated development time in Fig. 1 most likely resulted from the inclusion of data from lower temperatures that did not produce adults to estimate the developmental zero and degree-day used in the calculations.
The diet of larvae can have a signiÞcant effect on development time, (Rasmussen 1984, Sankarperumal and Pandian 1991) . Rasmussen (1984) reported that food deÞcits were the likely reason for slow earlyspring growth of both C. riparius Meigen and G. paripes in a prairie pond in Alberta, Canada. Both species were reported to be univoltine in that habitat. The development requirement for C. riparius was reported to be 475 DD Ͼ 4.1ЊC in the laboratory (requirements were not reported by these authors for G. paripes). However, under Þeld conditions they reported that over 820 DD were required for C. riparius to reach early fourth instar. Food availability had a considerable effect on the development of C. circumdatus (Kieffer) at constant temperatures (Sankarperumal and Pandian 1991) . At 37ЊC, larval development time increased from 8 to 16 d as the concentration of live Chlorella sp. cells provided as food was reduced from 25 ϫ 10 6 cells/ml to 13 ϫ 10 6 cells/ml. This work provides a Þrst detailed look at the temperature requirements for G. paripes development. In this study, the simplest linear regression method was used. Commonly, the growth curve tends to be logarithmic, with a slow response at cooler temperature, a linear section through most of the temperature range, then a slowing growth rate, and Þnally a downturn toward the upper thermal limit of the organism (Campbell et al. 1974) . The results of this study indicate that the linear portion of the growth curve is between Ϸ22 and 32ЊC, with a lower threshold of 9.0ЊC and an upper threshold of 35ЊC. Future studies will examine dietary effects on development, possible effects of crowding on larval development and attempt to clarify the nonlinear portions of the growth curve.
